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Abstract 
Conventional Josephson junctions are used to build superconducting quantum interference devices (SQUIDs) which 
are the most sensitive magnetic field sensors known. Today, SQUIDS are widely used in many different areas like 
medical and biological research and diagnostics, geophysics, non-destructive evaluation of materials and structures, 
or fundamental physics research. In recent years the highly anisotropic and unique intrinsic properties of YBa2Cu3O7-
x superconducting nano-films allowed fabrication of a special type of Josephson junctions, so-called ʌ-junctions, 
which are excellent candidates as building block for fast, low-dissipative superconducting digital electronics or 
quantum computation. For those reasons fabricating high quality and reliably Josephson junctions has been one of the 
priority areas of research in superconductivity. There are several well-established technologies to fabricate Josephson 
junctions made of YBa2Cu3O7-x superconducting nano-films. Here I will briefly describe two of the most important 
ones used to fabricate both conventional Josephson junctions and ʌ-junctions. 
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1. Introduction 
Below 92 K YBa2Cu3O7-x is in the superconducting state. YBa2Cu3O7-x is very attractive for 
applications because keeping it in the superconducting state is relatively inexpensive as liquid nitrogen 
with a boiling temperature of around 77 K is used for this purpose. YBa2Cu3O7-x is called an 
unconventional superconductor because the pairing mechanism for the electrons, that is, the origin for 
Cooper pairs formation, is other than explained by Bardeen, Cooper and Schrieffer back in 1957 [1]. 
Their unconventional nature is due to their highly anisotropic superconducting order parameter (SOP) in 
the ab plane (or in the momentum space, the k-space) that is characterized by nodes and also by a sign 
change (right-hand side in Fig.1). Such a superconducting order parameter is known as d-wave and is 
fundamentally different than that of conventional superconductors that have an isotropic s-wave like SOP 
(left-hand side in Fig.1). Today YBa2Cu3O7-x nano-films are extensively used to fabricate Josephson  
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Fig. 1. The superconducting order parameter (SOP) in the momentum space is isotropic for conventional superconductors, so called 
s-wave, (left-hand side). SOP is highly anisotropic for YBa2Cu3O7-x unconventional superconductor, so called d-wave (right-hand 
side). 
 
junctions, which are two-dimensional highly non-linear devices characterized by a maximum 
superconducting current Ic, that is the current that flows with no resistance. Ic can be controlled by an 
externally magnetic field B applied perpendicular to the junction’s planar structure. The highly anisotropic 
SOP in YBa2Cu3O7-x nano-films offers a unique opportunity to fabricate Josephson ʌ-junctions which are 
used to fabricate ʌ-SQUIDs. Such ʌ-SQUIDs have a complementary to conventional SQUIDs Ic(B) 
characteristic. Indeed, ʌ-SQUIDs have an Ic(B) pattern that has a minimum at B=0 as opposed to 
conventional SQUIDs that have an Ic(B) curve characterized by a maximum at B=0. This feature makes 
them excellent candidates as building block for fast, low-dissipative superconducting digital electronics or 
quantum computation [2-5]. There are several well-established technologies to fabricate Josephson 
junctions made of YBa2Cu3O7-x superconducting nano-films. Here I will briefly describe two of the most 
important ones used to fabricate both conventional Josephson junctions and ʌ-junctions. 
2. Fabrication of Josephson junctions: the nanofilms bicrystal techonology 
The nano-films bicrystal technology has been developed in 1988 (for a recent review article see [6]). 
Shown schematically in Fig.2a it can be briefly explained as follow. A c-axis oriented SrTiO3 (STO) 
bicrystalline substrate characterized by a miss-orientation angle ș between the (100) and the (010) 
directions in the two grain (grain 1 and grain 2 in Fig.2a) is used to deposit an epitaxial superconducting 
nano-film (typically having a thickness between 50nm and 150 nm) on top of it. Consequently, a 
Josephson junction is intrinsically fabricated at the boundary between the two grains. The Josephson 
junction has a maximum superconducting current Ic (i.e., the maximum current that flows with no 
resistance) that decreases with increasing ș. Typical values for ș are, 24o, 30o, 45o. This technology has 
been widely used to fabricate conventional SQUIDs which consist of two such Josephson junctions 
connected in parallel in a closed superconducting loop that is patterned on the same STO substrate. Ic is 
strongly periodically modulated by a magnetic field B applied perpendicular to the SQUID planar 
structure and parallel to the c-axis. The B field periodicity can be made very small. It is for this particular 
reason that a SQUID can be used as a very sensitive magnetometer in so many applications. A modified 
version of such a design schematically shown on Fig.2b has been proposed in [7] in order to fabricate ʌ-
SQUIDs [8]. In this design the STO substrate has two active bicrystal lines instead of one. Indeed, the 
first bicrystal line is along the (100) direction, while the second one is oriented along the (010) direction 
(see the lines in white colour in Fig. 2b). To implement such a design in practice the “bicrystal” STO  
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Fig. 2. (a) Schematic view of the nano-film bicrystal technology. A c-axis oriented STO bicrystalline substrate characterized by a 
miss-orientation angle ș between the (100) and the (010) directions in the two grain is used to deposit an epitaxial superconducting 
nano-film on top of it. A Josephson junction is in this way fabricated at the boundary between the two grains. (b) Schematic view of 
a ʌ-SQUID design. A ʌ-junction and a conventional junction are formed at the two grain boundaries and connected in parallel in a 
superconducting loop (grey structure). The miss-orientation angle ș between the two grain is in this case 45o . The orientation of the 
d-wave unconventional SOP in the two superconducting grains are also schematically shown. As it can be seen the SOP is also 
rotated by 45o in the ab plane as we move from the top superconducting grain to the bottom one. 
substrate is in reality a tetra-crystal. An epitaxial YBa2Cu3O7-x superconducting nano-film is then grown 
on top of the STO substrate. The film is then patterned by standard photolithography and Ar ion milling 
to form a SQUID (the structure in grey color in Fig. 2b). In this configuration one of the two Josephson 
junctions formed at the grain boundaries (dotted line on Fig. 2b) is a ʌ-junction while the other one is a 
conventional junction. This results as a direct consequence of the d-wave unconventional nature of the 
SOP in YBa2Cu3O7-x [7]. The resulting structure is therefore a ʌ-SQUID. The fabrication and operation of 
such a ʌ-SQUID has been demonstrated in [8]. 
3. Fabrication of Josephson junctions: the nano-films ramp-type technology 
This technology developed in several steps over the years has been improving steadily over time. One 
of the latest and most successful versions of it as reported in [8] will be briefly summarized.  In [8] a thin 
interlayer was incorporated in the ramp-type Josephson junctions to obtain an increased transparency. The 
authors prepared thin film ramp-edge Josephson junctions between 170-nm untwinned YBa2Cu3O7-x and 
150-nm Nb using a 30-nm Au barrier (see Figs. 1(a) and 1(b)). The Josephson junctions are fabricated on 
the same chip, and the angle θ with the YBa2Cu3O7-x crystal b-axis is varied in units of 5 degrees so that 
tunnelling can be probed in 360°/5° = 72 different directions in the ab plane (see Fig.3(a)). All 72 
junctions were 4 μm wide. A detailed SOP investigation proving its d-wave unconventional nature in 
these particular junctions were reported elsewhere [9]. All 72 junctions measured [10] in such rather 
complex design showed a value for the Josephson junction superconducting critical current that was in 
accordance with the theory proving the reliability of the present technology and its potential for 
applications. It also proved [11] a very good understanding of the physics involved. 
 
                                                                                           














Fig. 3. (a) Topview photograph of the untwinned YBa2Cu3O7-x/Au/Nb ramp-type junction layout. The YBCO base electrode (in 
black) is contacted by a Au barrier and a Nb counterelectrode (light-gray). The lobes of the d-wave are shown schematically in red 
and blue. Tunneling is tested in 72 different directions in the ab plane. The arrows indicate some of those tunneling directions. (b) 
Side view of the untwinned YBa2Cu3O7-x/Au/Nb ramp-type junction layout. 
Conclusions 
As brief summary of two well established and most successful technologies to fabricate Josephson 
junctions made of epitaxial YBa2Cu3O7-x superconducting nano-films has been given. Such junctions are 
reliable, of very high quality, showing an excellent reproducibility, and therefore suitable for commercial 
applications. 
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